The extracted s-wave scattering amplitude from both the polarized and unpolarized d + d → 4 He + η reaction at 2385.5 MeV/c allowed to determine the scattering length which fulfills the requirements for bound η. In the p + 27 Al → 3 He + p + π − + X reaction studied at recoil free kinematics the η meson is produced almost at rest and so it can be bound with enhanced probability. This state proceeds via N * (1535) resonance and the decay products proton and pion emitted into opposite direction are detected in concidence with 3 He produced at zero degree. Under these conditions some hints for bound state can be observed with an upper limit of the cross section of ≈ 0.5 nb.
Introduction
The possible existence of η meson bound state in a nucleus was predicted by authors of Ref. 1 . This state can be caused by the attractive interaction between the η meson and the nucleons in the nuclei. The attractive nature of the η − N interaction was pointed out in Ref. 2 . They showed that η production on a nucleon proceeds primarily via formation of an N * (1535)S 11 resonance and they obtained attractive and a strong final state interaction (FSI ), one can approximate the total reaction amplitude, f s , at low energies by
with α ≡ α r + iα i the complex s-wave η nucleus scattering length, f B is the production amplitude usually taken as a constant. In the case of binding the relations, following from unitarity and existence of a pole in the complex p η plane, have to be fulfilled 8 :
The theoretical studies by Ueda 9 gave some hints that η meson can form bound state even with 3, 4 He and deuteron. The states are expected narrow in few-nucleon systems and could be easier observed. The unexpectedly large near-threshold production amplitude 10 in the case of p + d →
3
He + η reaction as well as its rapid decrease with increasing energy were interpreted as a strong s − wave FSI, suggesting a possible formation of the η 3 He bound system 11 . The large and negative value of the real part of the extracted scattering length 10 (−2.31 + 2.57i)f m may be taken as an indirect evidence for the existence of the η − mesic nucleus. Nearthreshold η production has been studied simultaneously for p + d → Vector and tensor polarized deuteron beams with momentum of 2385.5 MeV/c were used, which allow to measure in addition to cross sections the analyzing powers and thus to deduce partial wave amplitudes. The deuteron beam scattered on a LH 2 and LD 2 target for tensor polarization measurement and for the study of the reaction of ineterest, respectively. The vector polarization was measured using a low energy polarimeter placed in the beam line between the cyclotron and COSY. The tensor polarization determination was performed using the − → d p → pd backward elastic scattering reaction.
We have measured α particles from the reaction of interest with the magnetic spectrograph BIG KARL. The observables measured were the differential cross section dσ/dΩ for an unpolarized beam as well for a polarized beam with analyzing powers A xx (θ) and the beam polarization tensor given in Table 1 . The differential cross sections are shown in Fig. 1 for the unpolarized beam. The data were fitted by a Legendre polynomial
The smallest number for l max was found to be 4 indicating that not only sand p-waves contribute but also d-waves. This is in contrast to data from ANKE 16 where l max = 2 suffices to describe the data (see Fig. 1 ). In Ref. 16 the origin of the term ∝ cos 2 θ in the ANKE data shown in Fig. 1 remained unclear. It could be attributed either to a p-wave or due to a s-d-wave interference. In order to study a possible binding the s-wave has to be extracted. We have fitted s-, p-and two d-waves to the data. Since there is always one free parameter we have made the s-wave amplitude a s real. Unfortunately there is a strong correlation among the different parameters. Only the s-wave could be extracted with a reasonable small error thus yielding the s-wave fraction of the differential cross section. From this we obtain a spin averaged amplitude This amplitude is for the present measurement compared with previous measurements in Fig. 2 . Because the present result is quite small it rules out the s − d-wave interference scenario. This becomes much better if we introduce the effective range r ≡ r r + ir i . Then the spin averaged amplitude is
A fit of all four effective range parameters to the data is shown in Fig. 2 which shows a remarkable quality. The ratio Eq. (2) was found to be R = 0.19 ± 0.66 which fulfills the requirement for a bound η. However, the sign of the real part of the scattering length needs to be extracted in order to be decisive.
ENSTAR results
First experiments searching for η − mesic nuclei at BNL 17 also support suggestions that 3 Heη is not bound.
The large ηN scattering length makes the existence of bound states of η mesons on nuclei rather likely. While some theorists find binding in their calculations only for nuclei heavier than carbon others predict even 4 He to be sufficient heavy to bind the η. Similar to the production of hyper nuclei or pionic atoms we make use of a transfer reaction at recoil free kinematic. The reaction chosen here is the
Since the 3 He ion carries away almost all the beam momentum the residual system is at rest and the η wave function has large overlap with the nuclear wave function in phase space, thus the probability of having a bound system is large.The N * (1535) resonance extends down to the η-nucleon threshold and accordingly a second step
has high probability. When an η is bound in a nucleus, the associated N*(1535) has its mass below the ηN threshold and, therefore, cannot decay into an observable η plus an observable nucleon due to the energy conservation; what is called binding of η. The only probable decay is into a πN . The underlying kinematics is shown in Fig. 3 Predictions for the binding energy and the widths from different references 3, 4, 5, 8, 22 are shown in Fig. 4 . There is a general trend: binding becomes stronger with increasing nuclear mass number as does the width. Since one can expect the state to be superimposed on some background, heavy nuclei will be not the favorite choice. For light nuclei the effect may be to small. Therefore a medium to light nucleus was chosen. In order to avoid a lot of nuclear excitations the ideal target nucleus would be an odd-odd nucleus yielding after quasi deuteron transfer finally an even-even nucleus. However, there is no solid target available and as a compromise an odd-even nucleus Because the overall ηN system or N * is almost at rest, the energy and momentum conservation requires the two charged particles to be emitted back-to-back w.r.t each other with energies of ≈ 100 MeV for the proton and ≈ 348 MeV for the pion. Such a clear pattern is smeared out by the Fermi motion, resulting in a distribution at around ≈ 150
• with a width of ≈ 40
• .
For the measurements of these particles a dedicated detector ENSTAR was built. It consists of three cylindrical layers of scintillating material surrounding the target. Each layer is divided into long bars thus allowing a measurement of the azimuthal emission angle. The bars of the middle layer are futher divided along the length in order to measure the polar emission angle. While protons of interest are stopped in the middle layer, pions pass through all layers giving only ∆E information.
We have performed the experiment by detecting the was accumulated for each run. Prior to the experiment the ENSTAR detector was calibrated using different reactions: pp → pp, pp → dπ + and proton impinging on a heavy target 24 . In two settings of the spectrograph an enhancement was found close to threshold. The data were added weighted by the acquired luminosity. The resulting missing mass spectrum is shown in Fig. 5 . The upper abscissa shows the missing mass M M , while the lower abscissa the binding energy assuming
The enhancement close to threshold is accounted for by a background plus a peak, assumed for simplicity a Gaussian. We analyzed the data under two different assumptions. The background is assumed either as a constant (solid line in the figure) or fitted by a polynomial (dashed-dotted curve). The total fit is shown as solid curve and dashed curves for the two cases, respectively. A statistical analysis yields a significance larger than 4σ. An upper limit on the production cross section of ≈ 0.5 nb was obtained.The enhancement may not be purely due to the binding in the ground state but also to an excited 25 M g state.
However, this requires pick-up of the more deeply lying nucleons which may be less likely than the pick-up of the least bound ones. Binding energy spectra without strong N * constraint do not show the enhancement.
Summary
Using vector and tensor polarized deuteron beams the polarization was determined from − → d p → pd backward elastic scattering and the differential cross section for polarized and unpolarized cases as well as the analyzing power were measured for the − → d +d → 4 He+η reaction. The scattering length and effective range parameters fitted to the extracted 4 Heη s − wave amplitudes fulfill the requirement of the η bound state but the sign of the real part of the scattering amplitude needs to be extracted in order to be decisive. The reaction p + 27 Al → 3 He + p + π − + X was studied in recoilless kinematics.
The
3 He ions at zero degrees were detected with the magnetic spectrograph. The p+π − which decays almost back-to-back was measured with the ENSTAR detector.
In the spectra taken at two different spectrograph settings an enhancement was found for negative binding energies. Binding energy spectra without strong N * constraint do not show the enhancement. The upper limit of the cross section of ≈ 0.5 nb was estimated.
